We report on the structure and magnetism of an ultrathin L1 0 FePt film epitaxially grown on Pt(001) single crystal. This film presents an enhanced tetragonal distortion and a quite large magnetic anisotropy, with an orbital contribution to the Fe total magnetic moment as large as 10%.
Highly anisotropic epitaxial L1 0 FePt on Pt(001) We report on the structure and magnetism of an ultrathin L1 0 FePt film epitaxially grown on Pt(001) single crystal. This film presents an enhanced tetragonal distortion and a quite large magnetic anisotropy, with an orbital contribution to the Fe total magnetic moment as large as 10%. FePt alloy in the L1 0 chemically ordered phase has attracted much attention as a candidate for ultrahigh density magnetic storage media. Beyond the influence of chemical order on the magnetic properties of FePt, it has been recently proposed 1 that variation in tetragonal c=a ratio can induce new magnetic phases to this alloy. FePt and FePt/MnPt thin films were grown on a Pt(001) single crystal and in situ studied by grazing incidence x-ray diffraction (GIXRD) at the ultra-high vacuum station of the French CRG BM32 beamline at European Synchrotron Radiation Facility (ESRF), Grenoble, France. The station is equipped with standard tools for surface preparation, film deposition, and characterization. Prior to metal deposition, the Pt(001) surface was cleaned by several cycles of Ar sputtering and annealing (at 1173 K for 5-10 min), followed by annealing under oxygen (1:2 Â 10 À7 mbar O 2 at 973 K for 5 min) then flash-annealing at 1173 K before slowly cooling down. The cleanness of the surface was checked by Auger spectrometry and by the appearance of the well-known Pt(001)-hex reconstruction. 2 X-ray diffraction was measured with 20 keV monochromatized photons under a grazing incidence angle of 0. 6 , about three times the critical angle for total reflection. Clean Pt(001) reconstructs to form a closed packed hexagonal monolayer on top of the bulk square planar symmetry. This monolayer is incommensurate in both directions within the surface plane and is about 25% denser than the bulk square surface. Rocking scans about the Pt(001)-hex peaks confirm the presence of the two equivalent domains of the reconstruction. From in-plane transverse scans the reconstruction coherent lengths have been estimated to be around 20 nm, while the crystal has shown large terraces on the order of 300 nm. High purity Fe and Pt were deposited from watercooled electron beam evaporators, the pressure rising up to 5 Â 10 À10 mbar while operating the sources. The evaporation rate was calibrated with a quartz crystal micro balance, and cross-checked measuring the oscillation period of the antiphase x-ray reflectivity intensity during a calibration deposition. A deposition rate of 0.30 and 0.04 ML/min was established for Fe and Pt, respectively.
Local structure of the layers was probed by x-ray absorption spectroscopy (XAS) at the French CRG BM30B FAME beamline at ESRF. XAS spectra were collected in the fluorescence mode using a 30-element Canberra Ge solid state detector, in the XANES (x-ray absorption near edge structure) and EXAFS (extended x-ray absorption fine structure) range. The x-ray natural linear dichroism of the sample was investigated by collecting data with the electric field aligned in-plane (IP) and out-of-plane (OP) to the film's surface. Polar magneto-optical Kerr effect (MOKE) measured at room temperature (RT) confirms the out-of-plane anisotropy (inset in Fig. 1 ). X-ray magnetic circular dichroism (XMCD) at the Fe L 2;3 edges was performed at the ID08 beamline at ESRF.
A 2.0-nm FePt layer was prepared by alternate Fe and Pt thermal deposition. The Pt(001)-hex substrate was kept at 573 K during the sample preparation to favor L1 0 chemical order with c-axis perpendicular to the surface. 3 Alternate deposition of Fe and Pt comes to favor ordering. 3, 4 Recently, it was reported that during Fe deposition on Pt(001)-hex at RT, an atomic site exchange process takes place between Fe (higher surface energy) and Pt substrate atoms. 5 Up to 1.2 MLs of Fe deposition, no evidences of Fe atoms on the surface or Fe subsurface islands were found. In the case of deposition at 573 K this atomic exchange process is expected to be reinforced. Accordingly, a sample with an excess in Fe, consisting of [Fe(2 ML)/Pt(1 ML)] 3 , was deposited. After cooling down to RT, sets of nonspecular crystal truncation rods (CTR) were measured. Figure 1 shows the x-ray scattering along the (1 1 l) CTR (l is the out-of-plane momentum transfer in reciprocal lattice units of the Pt substrate). The oscillations are preserved up to high l values. Moreover, no evidence of in-plane relaxation was observed by (h,k)-scans in the reciprocal space. Both outcomes confirm a pseudomorphic growth of the layer. The FePt layer adopts the in-plane lattice parameter of Pt substrate, a Pt ¼ 3:924Å. The strong peak around l ¼ 2.2 ( Fig. 1) FePt L1 0 alloy has lattice parameters of a ¼ 3:860Å and c ¼ 3:713Å (c/a ¼ 0.96). 6 The pseudomorphic FePt layer has a tensile strain of 1.7%.
Quantitative analysis of the GIXRD data was done by simulating and fitting the experimental CTRs. The fitting parameters are the number of layers, the distances among them, the degree of chemical order and the Fe concentration. The best fitting model consists of 12 FePt ML (2.0 nm) and is divided into two parts. The first part is an interdiffusion layer composed by four chemically disordered MLs and corresponds to scattered Fe atoms into the Pt matrix. The second part consists of 8 chemically ordered MLs of FePt. The fitting procedure did not allow a precise determination of the Fe concentration. Possible values range from 0.5 to 0.65. However, the sample stoichiometry can be more precisely determined from the unit cell volume V ¼ 54:802Å 3 . This value is in excellent agreement with that of ordered Fe 55 Pt 45 nanocrystalline alloy 6 V 0:55 ¼ 54:807Å 3 . This stoichiometry was used as an input parameter in the model. The order parameter for the 8 ordered MLs is S ¼ 0:74 6 0:05. If one considers the whole film (4 ML Fe diffusion þ 8 ordered FePt) the order parameter is reduced to S ¼ 0:5 6 0:05.
As a second step of sample preparation, the layer was covered by a 3.0-nm MnPt film. The (11) CTR is presented in Fig. 1 . Finally, the sample was covered by a 1.2-nm Pt cap-layer for further ex situ studies.
Local anisotropy is clearly observed in XAS measurements at the Fe K edge. In the XANES spectra of metallic compounds, the double resonance (A and B) just above the absorption edge is an experimental signature of the structures fcc or L1 0 and small differences in the relative height of these peaks are associated to variations in the local chemical order. 7, 8 The significant difference in these amplitudes for in-plane and out-of-plane XANES (Fig. 2) reveal the anisotropy in the local order. In addition the position of the first EXAFS oscillation (C), around 7145 eV, is slightly shifted toward higher energies for the IP spectra with respect to the OP one. This shift corresponds to a shortening of the distance to the first neighbors in the [001] direction. The analysis of the EXAFS signal (inset in Fig. 2) gives access to the local structural anisotropy. The distance to the first neighbors is 2:63560:005Å in the film plane and 2:74560:005Å along the [001] direction, giving a c/a ratio value of 0.915 6 0.005, in full agreement with the in situ GIXRD results.
The spin and orbital contributions to the total moment of Fe in the FePt layer were investigated by using element-selective XMCD spectroscopy. Figure 3 shows the normalized XAS and XMCD spectra at the L 2,3 edges recorded at RT in total electron yield mode. The incident beam direction was normal to the sample surface. An applied magnetic field of 1 T ensures nearly 100% saturation of Fe moments. XMCD spectra are obtained by reversing the circularly polarized light. According to the sum rules, the effective spin (m eff s ) and orbital (m l ) magnetic moments can be obtained by performing adequate integrals in the spectra. 9 The ratio m l =m eff s is proportional to the deviation from zero of the integral of the XMCD signal (dashed line in Fig. 3) . To obtain absolute values for m l and m eff s the excitations to 3d states must be separated from those to the continuum. A two-step function (dotted line in We have shown that FePt films grow pseudomorphically on a Pt(001) substrate. We interpret the enhanced orbital magnetism observed in our film as a result of the increased tetragonal distortion and the high degree of chemical order.
